When discussing the benefits and burdens of medical interventions for critically ill infants, clinicians and families are challenged to weigh the uncertainties of treatment success with infant pain and suffering. Concrete measures of infant suffering or quality of life, which could inform infant care and decision-making are lacking. Although consistent and reliable health-related quality of life (HRQOL) definitions and measures have been extensively developed for adults and older children, they have not been relevant to neonates or infants. Advancing HRQOL research methodology is an objective of Healthy People 2020. This paper will review the evidence and practices relevant to HRQOL with a focus on intensive care and pediatric settings. We will highlight existing HRQOL measures, which could be adapted for neonates and existing neonatal intensive care unit measures and practices, which could inform new measures of HRQOL.
Introduction
Health-related quality of life (HRQOL) is a concept relating individual's state of health, disease burden and treatment burden, to their overall quality of life. HRQOL measures can help patients, families and clinicians weigh the burdens and benefits of medical treatments. Advancing the science of HRQOL research methodology is an objective of the Department of Health And Human Services Healthy People 2020.
1 Consistent and reliable HRQOL definitions, measures and interventions have been extensively developed for adults, with a growing pediatric literature since the late 1980s. 2 Little progress has been made in advancing HRQOL research relevant to neonates or infants, and there are no measures developed for hospitalized infants. This paper will review the evidence and practices relevant to HRQOL, with a particular focus on how HRQOL metrics are used in intensive care and pediatric settings. We will summarize established benefits of HRQOL measures, such as the ability to compare outcomes of medical interventions and the enhancement of patient-provider communication. We will indicate which existing HRQOL measures could be adapted for neonates, and which existing neonatal intensive care unit (NICU) measures and practices could inform new measures of HRQOL. Finally, we will suggest future directions for studying, measuring and promoting neonatal HRQOL.
Why is it important to measure HRQOL?
In 1948, the World Health Organization championed an allinclusive definition of health as a, 'state of complete physical, mental, and social well-beingFnot merely the absence of disease, or infirmity'. 3 The Centers for Disease Control and Prevention have adopted the term HRQOL to describe the features of overall quality of life that are a function of health. 4 Over the past 40 years, hundreds of measurement instruments have been developed to quantify HRQOL. 5 HRQOL measures serve four main functions: (1) tracking patients and populations; (2) evaluating effectiveness of specific medical therapies; (3) quantifying patient burden due to medical interventions and (4) facilitating patient-clinician communication. 4, 6, 7 Low HRQOL is associated with higher mortality in the general adult population 8 and in those with complex chronic diseases. 9, 10 In the adult population, HRQOL metrics are used as tools to inform medical management. Physician interpretations of patients' HRQOL is known to impact medical decision-making, for instance, about life-sustaining therapies; clinicians' assessment of their patients' quality of life is associated with the likelihood to recommend resuscitation. 11, 12 It should be noted that there can be clinician-patient discordance in interpretation of HRQOL. Data suggest, for instance, that physicians ascribe lower quality of life to elderly patients than patients indicate by self-report.
Steinhauser et al. 13 demonstrated that physicians may prioritize quality-of-life factors differently from their patients who are facing the end of life. Implementation of standardized HRQOL measures is one way to enhance patient-physician communication and increase physician awareness of their patient's HRQOL.
14 HRQOL measures can also assist surrogate decision makers facing complex choices regarding their loved ones by providing a framework for imagining their loved one's experience and for describing their wishes. 15, 16 Pediatric HRQOL metrics can help caregivers understand a child's experience of health and disease, and can compare those experiences with that of children with similar conditions. 17 Pediatric HRQOL methodology is complicated by the need to incorporate the diverse developmental and emotional stages underlying children's health and disease states. 18 Perhaps more so than for adult patients, pediatric medical interventions that compromise current quality of life are often favored if there is a reasonable chance that future quality of life will be improved. Projected future HRQOL is often paramount to discussions about the benefits and burdens of life-sustaining therapies for infants. 19, 20 Stakeholders in those decisions may not agree about what constitutes an acceptable long-term outcome; Saigal et al. 21 showed that neonatal clinicians differed significantly from parents and ex-preterm adolescents in their ratings of the quality of life of hypothetical health states.
Payot and Barrington 22 recently concluded that the inevitable uncertainty and subjective nature of projected HRQOL measures limits their usefulness in making decisions in the NICU. We suggest that there remains value in establishing reliable measures of infants' current HRQOL in the NICU to guide medical care for these vulnerable patients. Although current HRQOL may not predict future HRQOL, it can nonetheless aid decision makers in quantifying the benefits and burdens associated with acute interventions.
Domains included in common HRQOL measures
Traditionally, HRQOL metrics aim to quantify how a patient's illness and medical treatments impact their overall physical, social, emotional and psychological well-being. Three types of measures are commonly used to assess HRQOL: dimension-specific, diseasespecific and generic.
23 Dimension-specific measures focus on a particular element of well-being, such as psychological health. 23 Disease-specific HRQOL includes multiple dimensions of health that pertain to a certain illness (for example, asthma 24 ). Finally, generic measures are used across populations with different diseases and usually measure physical, psychological and social domains of health. 16 A recent review by Solans et al. 25 identified nearly 100 pediatric HRQOL measures, one-third of which were generic and two-thirds of which were disease-specific. Pediatric HRQOL measures are further categorized into those that use self-report, proxy or parent report, or a combination of self-report and proxy metrics. 18 Although evidence from the adult literature suggests strong agreement between proxy and patient assessment of quality of life, 26 it is unclear if parent reports accurately represent HRQOL for pediatric populations. 2, 27 Some data suggest that parental ratings of the quality of life of their child can be mediated by their own level of distress. 28 HRQOL measures used in pediatric and intensive care settings Most pediatric HRQOL research has focused on older children. For young children who cannot clearly convey emotional or physical distress, physiological measures can be combined with proxy reports to provide at least some representation of their experience. 2, 29 Overall, fewer than 30 of the pediatric HRQOL metrics include versions designed for children under 5 years of age; a single generic measure was tested in and deemed suitable for infants. 30 The first measure specifically designed for infants was published in 2010. 31 The Peds QL Infant Scale is a generic measure developed for ages 1 to 24 months and contains over 30 items pertaining to physical functioning and symptoms, as well as emotional, social and cognitive functioning. It was validated in an outpatient population of healthy infants, which included infants with chronic medical conditions, and infants with acute, noncritical illness such as otitis media. The mean age of the infant sample was 6.6 months.
HRQOL metrics for critically ill populations have primarily been used to assess the long-term effects of critical illness and medical interventions. That is to say, these metrics most commonly assess a patient's HRQOL after the acute illness has been resolved and after hospital discharge. The Short-form 36 32 and EuroQol-5D 33 are the most commonly used adult measures, 16 and compare physical, social and emotional functioning before and after an (intensive care unit) ICU stay. Among the HRQOL measures, which primarily assess outcomes after pediatric hospitalization, [34] [35] [36] [37] [38] [39] the Pediatric Quality of Life Inventory is a particularly prevalent tool, used in nearly 600 peer-reviewed articles to date. 40 We identified only one instrument tested in pediatric patients upon admission to the intensive care unit, 41 and no instruments that specifically assess current HRQOL for children in the ICU.
Neonates requiring intensive care are much more likely than adult or older pediatric patients to have ICU stays of several weeks or more. A prolonged ICU stay for adults, defined as a length of stay >95th percentile, is considered to be >7 days. 42 For the pediatric ICU, a prolonged stay is >12 days. 43 In contrast, approximately 70% of neonates in the NICU have a length of stay of 20 days or more. 44 This prolonged hospitalization suggests that measures to reflect an infant's intensive care experience could inform strategies to minimize the burdens associated with NICU interventions whereby improving HRQOL for patients.
A unique challenge -creating HRQOL metrics for neonates HRQOL metrics for neonates could be adapted from components of established metrics used with other patient populations. Common adult and pediatric HRQOL metrics, such as emotional and social functioning, could be adapted to focus on the role of a neonate in the context of a family unit, as with caregiver ratings of their ability to bond with infant. To insure a more accurate picture of a neonate's HRQOL, proxy information should be provided both by family members and clinicians, although it is important to remember the inevitable limitations of proxy reporting. 45 Some physical domains essential to adult and pediatric HRQOL measures, such as pain, energy/neurobehavior, sleep and physical symptoms (for example, gastrointestinal function), could be adapted from existing NICU metrics, which combine proxy assessments and objective physiological data such as vital signs. Table 1 summarizes the existing metrics, which could be adapted to neonatal HRQOL measures.
Pain metrics
Routine neonatal pain assessment is a NICU standard of care. 46, 47 An extensive literature describes neonatal pain perception at varying gestational ages, including physiology, signs and symptoms, interventions and long-term outcomes. Autonomic and behavioral changes such as tachycardia, facial movements and oxygen desaturations can be quantified using a variety of validated pain measures, including the Neonatal Infant Pain Scale 48 and the Neonatal Pain Agitation and Sedation Scale. 49 Several existing pain measures are limited by being validated only for infants of specific gestational ages, such as CRIES (Crying, Requires Oxygen, Increased Vital Signs, Expression and Sleepless Scale), which only considered infants born at 32 to 36 weeks gestational age. 50 Further work needs to confirm whether a single-pain measure can be relevant to infants ranging from 23 to 40 weeks gestational age, and if pain measures should be adapted to chronological age or to adjusted age. Nevertheless, well-established pain metrics for neonates are available to incorporate into HRQOL measures.
Neurobehavioral metrics
Maintenance of autonomic homeostasis, state regulation and interaction with the environment are also measurable components relevant to newborn HRQOL. Inability to self-soothe or transition from one state to another is a marker of acute infant stress, and has also been associated with adverse long-term developmental outcome. 51 Several scales have been established to measure neonatal neurobehavior. The Neonatal Behavioral Assessment Scale, 52 Neonatal Intensive Care Unit Network Neurobehavioral Scale 53 and the Newborn Individualized Developmental Care and Assessment Program 54 provides multiple-item scoring of central nervous system function and infant behavior, including social interaction. All of these scales/programs require formal training to administer, score and interpret. In addition, their assessments can be influenced by structural pathology, such as intracranial hemorrhage or white-matter injury, and by postconceptional age. Although these scales may provide helpful information about a neonate's current behavior, clear correlations between scores on these scales and long-term neurodevelopment have not been consistently demonstrated. These factors must be taken into account when adapting them for use in measures of HRQOL.
Sleep metrics
HRQOL measures related to sleep architecture in adults and older children are primarily targeted at difficulties falling asleep, frequent waking and sleeping too much. Functional neuroimaging 55 and polysomnography have been used to investigate sleep architecture in premature and term infants. 56 Observable neonatal sleep states include active sleep, quiet sleep and wakefulness. Mirmiran documented the similarity of preterm infant sleep patterns with that of the fetus at similar gestational ages, suggesting external environmental factors have little influence over the maturation of sleep cycles. 57 The Peds QL Infant Scale, validated for infants >1 month of age, is a possible source of sleep metrics for neonates. Use of any sleep scale would need to address shifts in sleep architecture with gestational age, and would need to accommodate iatrogenic sleep disruptions inherent to NICU care.
Physical symptom metrics
A number of physical signs and symptoms typically included in adult and pediatric HRQOL measures could also be quantified for neonates in the NICU, including skin integrity, feeding tolerance and respiratory effort/distress.
Because the stratum corneum is thinner at birth in the preterm than the term infant, simple daily care may result in significant skin breakdown. 58 Removal of adhesives such as monitor leads or tape from arm boards can result in full thickness wounds. Skin trauma weakens the barrier against environmental toxins, pathogens, and heat and water loss. 59 Objective measures of skin integrity, such as the Neonatal Skin Condition Score, 60 have been developed and could be incorporated into a HRQOL measure.
Feeding tolerance is a primary indicator of well-being at all stages of life. In older children and adults, quality of life related to enteral intake is a function of both nutritional benefit and enjoyment. In neonates, enteral feeding intolerance must account for a lack of baseline feeding ability related to immaturity or anatomical pathology. Any metric that includes feeding tolerance would need to consider gestational age, overall medical status and variability in ICU feeding practices. Because symptoms of feeding intolerance may be nonspecific, feedings are often repeatedly stopped and restarted based on clinician judgment. This may delay the time to full enteral feedings; prolonged inadequate nutrition is associated with failure to thrive and may result in cognitive delay. 61 Measures of feeding tolerance, time to full enteral feeds, and time to full nipple feeding could all be included in measures of HRQOL. Infant-caretaker feeding interaction scores, which incorporate signs of infant enjoyment of feeding, could also be included. 62 Respiratory symptoms are also commonly included in HRQOL measures for adults and older children. As with feeding tolerance, measures of respiratory status must reflect both infant maturation and health status. Extremely preterm infants cannot maintain adequate ventilation and oxygenation based on lung and central nervous system immaturity; mature neonates may suffer from respiratory infections, structural abnormalities or systemic causes of decreased respiratory effort. The need for respiratory support in the form of artificial ventilation or supplementary oxygen beyond 34 weeks postmenstrual age for preterm infants and at any time for near-term and full-term could be included in a symptoms matrix of quality of life.
Family-centered care
Dimensions not included in HRQOL measures for adults or older children but that could be important for neonates include environment (noise, light, temperature), frequency/amount of invasive procedures, experience of physical touch and time spent bonding with family members. NICU policies and protocols could be considered in metrics of HRQOL, as described in the following examples.
The American Academy of Pediatrics recommends safe levels of noise and light for NICUs, 63, 64 but noise limits are often exceeded and may contribute to poor infant growth and development. [65] [66] [67] The type of respiratory support needed, bed used, and time of day contribute to the level of noise exposure. Contrary to the expectations, exposure to high noise level increases with increasing postnatal age as a result of the use of older equipment with recovering preterm infants. 65 Evidence of active strategies to decrease noise in patient-care areas of the NICU and compliance with recommended lighting could be included in measures of infant quality of life.
Invasive procedures are frequent during NICU care, 68 but can be diminished in number with careful attention to their indication. Frequent routine blood tests for surveillance of electrolytes and complete blood counts, 69 and maintaining the hematocrit above an arbitrary cutoff 70 contribute to the need for red cell transfusion. Judicious protocols for routine invasive procedures could contribute to improved quality of life without compromising patient safety.
The benefit of skin-to-skin contact between mothers and neonates is well-documented. Placing an infant on the mother's chest early in postnatal life facilitates innate responses that may help compensate for the effects of parent-infant separation during a NICU hospitalization. A meta-analysis of 30 studies showed that early skin-to-skin contact assists maternal-infant bonding through increased interaction and decreased infant crying, increases the likelihood of breast-feeding and duration of breastfeeding, and keeps the infant warm. 71 For vulnerable preterm infants, skin-to-skin contact also accelerates maturation of the autonomic nervous system, aiding in adaptive recovery after preterm birth. 72 Promoting skin-to-skin contact in a busy NICU can be challenging because of infant illness, presence of an endotracheal tube and intravenous lines, the nurse-patient ratio and physical space limitations to ensure privacy. A NICU protocol that acknowledges the benefit and encourages nurses to promote skin-to-skin contact could be included in a metric of NICU HRQOL.
Conclusions
Consistent and reliable HRQOL definitions and measures for adult and pediatric populations are routinely used to quantify the burdens of disease and disease management on patients' overall quality of life. This information improves communication between families and clinicians, and can be instrumental to decisions about medical interventions. Devising measures for neonatal HRQOL is particularly challenging because of the range of physiological and behavioral development that must be incorporated into such tools. Nevertheless, existing measures have the potential for expansion and adaptation to this population. Table 2 summarizes the questions about neonatal HRQOL, which have been explored in this paper. Although an infant's future quality of life is nearly always unpredictable, enhancing the ability to quantify current quality of life for NICU patients is an important step toward delivering medical care that is in the infant's best interest.
